Conformational dynamics represents a fundamental aspect of protein science (and molecular biophysics) which is concerned with the biological function of a protein (Frauenfelder et al., 1991; Grant et al., 2010) . At present, the conformational properties of proteins are computationally investigated with the aid of (classical) molecular dynamics (MD) simulations (McCammon and Harvey, 1987; Kukol, 2008; Shaw et al., 2010) whereby chemical bonds and non-covalent interactions (H-bonds, Coulomb and van der Waals interactions, etc.) among atoms are described by model potentials (e.g. the harmonic or Morse potentials for covalent bonds, the Coulomb potential for the interaction between charged atoms or groups, and the Lennard-Jones potential for non-covalent interactions) in combination with force-field parameters such as atom charges, force constants, etc. (Kukol, 2008) . Given a potential function, the forces acting on the atoms of a protein can be computed so that they will move according to the Newton equation of motion which is solved numerically for a desired number of time steps.
In spite of the extraordinary success of biomolecular simulations, however, one should not forget that proteins, like any other molecule, are made of positively charged nuclei surrounded by (negatively charged) electrons both of which behave according to the laws of quantum mechanics (Schiff, 1968; Dirac, 1982) . It is therefore imperative to establish the relationship between electronic structure and conformational dynamics of proteins. Quantum dynamical calculations based on semiempirical hamiltonians can nowadays be employed in the study of solvated proteins, as shown in a recent study by Anisimov and coworkers (Anisimov et al., 2009) , whereas ab initio quantum 3 dynamical simulations are limited mostly to the study of small peptides (see, for example the study of a Beccara et al., 2011 ). An alternative approach is represented by static quantum mechanical calculations performed on protein conformers obtained either from classical MD simulations (whereby each snapshot represents a conformer along the MD trajectory) or using experimentally determined conformers. In this regard, a few years ago the author investigated for the first time the relation between electronic structure and protein dynamics (Pichierri, 2005) 
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Here we present a quantum mechanical analysis of an ensemble of 116 ubiquitin conformers whose structures were also determined by NMR spectroscopy (Lange et al., 2008; Ban et al, 2011) . The conformers of this ensemble, termed EROS ensemble (PDB id 2K39), are shown in Figure 1 .
Each ubiquitin conformer (empirical formula: C378H629N105O118S corresponding to 1231 atoms; charge=0) was subjected to a quantum mechanical calculation using the semiempirical PM6 hamiltonian (Stewart, 1996; Stewart, 2007; Stewart, 2008; Stewart, 2009) in combination with the Conductor-like Screening Model or COSMO (Klamt and Schüürmann, 1993) for the implicit treatment of the solvent (the recommended value of 78.4 was Notice that in semiempirical calculations it is customary to quantify the total energy of the system with the corresponding HOF (in kcal/mol) rather than the electronic energy (in hartrees or atomic units) as it is done in the case of ab initio calculations on small molecules (Cramer, 2004; Jensen, 2006) . Figure 2a Given the impossibility of a comparison with experimental data, however, it is difficult to assess which model chemistry yields the most realistic energy gap. Nevertheless, the results shown in Figure 2 indicate that the HOMO-LUMO gap along with the other electronic properties display some variation as a result of the conformational dynamics of the protein.
As shown in
Importantly, however, while the energy of the MO levels oscillates within the above ranges, the localization of the MOs on specific residues of the protein is not affected by the dynamics (Pichierri, 2005) . This is in line with the fact that any specific biological function, such as enzymatic reactivity, which is determined by the frontier orbitals of the protein should be maintained regardless of the conformational dynamics as long as the protein operates at constant temperature and is not denaturated by either chemical or physical agents. This is not to say that conformational dynamics does not affect catalysis (Bhabha et al., 2011) . 
